-cyclic phosphate (cyclic AMP) is absolutely required for flagella formation and, hence, motility in cyclic AMP-deficient mutants of Escherichia coli and Salmonella typhimurium.
Adenosine-3 '5 '-cyclic phosphate (cyclic AMP) is involved as an intracellular messenger in the mediation of a variety of hormonal effects in higher animals (6) . Its role in bacterial physiology has been revealed by its ability to counteract catabolite repression (10) , its requirement for the induction of a variety of enzymes (3) , and its apparent necessity for the initiation of transcription at the promoter site (2, 9) . Further confirmation of some of these effects was obtained with the isolation of an adenyl cyclasedeficient mutant of Escherichia coli by Perlman and Pastan (11) This mutant showed a pleiotropic deficiency. in the utilization of a variety of carbohydrates which could be phenotypically corrected by cyclic AMP. We have independently isolated similar mutants and find that cyclic AMP is not only necessary for the restoration of sugar fermentation, but is also absolutely required for the formation of flagella and hence motility.
Cyclic AMP-deficient mutants of E. coli were isolated from HfrH and HfrC strains as follows. Overnight cultures in Penassay Broth (Difco) were treated with N-methyl-N'-nitro-N-nitrosoguanidine (150 ,g/ml) by the method of Mise and Suzuki (8) . Mutants pleiotropic for utilization of sugars as carbon sources and tryptophan as a nitrogen source were selected by penicillin treatment in a minimal salts medium (M-9) containing lactose, arabinose, and maltose as carbon sources and tryptophan as the only nitrcgen source. After overnight incubation, the survivors were spread on nutrient agar plates containing 1 phate, and dibutyryl cyclic AMP, at concentrations of 10-3 M had no effect on either motility or fermentation. Electron microscopy showed that the lack of motility was due to an absence of flagella rather than a paralysis, since no flageUa could be found on hundreds of cells (strain GP1) cultured in the absence of cyclic AMP. The same strain cultured in the presence of cyclic AMP showed on the average of four flagella per cell (Fig. 3) .
Salmonella flagella were further analyzed by means of antigenic analysis and susceptibility to the flagellotropic "chi" phage (7). Agglutination was measured in small tubes after treating the cells with 0.3% Formalin and adding Salmonella H-factor antisera (Difco), phase 1 ("i") and phase 2 ("2"). Susceptibility to chi phage was determined by the overlay method using L-agar (5). The results obtained with strain GP8 are Table 2 . No flagellar antigens could be detected when the mutant was cultured in the absence of cyclic AMP, but after 150 min of incubation under growing conditions with 10-3 M cyclic AMP, phase 1 flagella antigen was detected. Phase 2 antigen was not detected. The wild type, cya+, which is also the Jfi+ donor used to construct strain GP8 showed both antigens, even without cyclic AMP. Susceptibility of the mutant to flagella phage chi could be demonstrated only when it had been both subcultured and plated with the phage in the presence of cyclic AMP from this site (4) . The location of laG is unknown (4) and it remains to be determined whether this gene is similar to cya.
Cyclic AMP is not required for the integrity of another bacterial appendage, the F pilus, as shown by the fact that the Hfr cya strain GP1 can still serve as a normal donor in conjugation and is still sensitive to male-specific phage R-17 in the absence of cyclic AMP.
Exactly how cyclic AMP functions in the formation of bacterial flagella remains to be answered. Its known role in the formation of inducible enzymes would suggest that it is probably involved in the formation of flageUlar protein rather than polymerization. In view of the role of cyclic AMP in counteracting catabolite repression (10) , it is of special interest to note that Adler and Templeton (1) found that the presence of glucose in a chemically defined growth medium prevented the synthesis of flagella in E. coli.
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